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ABSTRACT
Introduction: Stand up paddle boarding (SUP) is a rapidly growing sport and recreational activity where 
anecdotal evidence exists for its proposed fitness, injury rehabilitation & core strength benefits. A review 
of the literature failed to identify a single article which examined the potential physiological adaptations 
associated with SUP. 
Aims: The purpose of this study was to profile elite stand up paddle boarders in relation to balance, 
muscular strength and muscular endurance. 
Methods: Eight elite SUP’s were recruited from the Stand Up Paddle Surfing Association of Australia. 
Anatomical measures of multifidus cross-sectional area (via ultrasound), postural control under static and 
dynamic conditions and an isometric test of lumbar extension were performed. 
Results: Results found no significant differences in height, significantly less mass (p = 0.001) and 
significantly lower BMI (p < 0.05) than published Australian Bureau of Statistics data. Significantly lower 
static postural control indicated by increased velocity of sway ((p < 0.01), Eyes Open (EO) = +72.02%  
Eyes Closed (EC) = +76.34%) and significantly higher levels of dynamic postural control indicated by 
decreased velocity of sway (p < 0.01, Eyes-Open-Anterior-Posterior instability condition (EOAP) -34.54%, 
Eyes –Closed-Anterior-Posterior instability condition (ECAP) -35.83%, Eyes Open Medial Lateral instability 
condition (EOML) -16.91%, Eyes Closed Medial Lateral instability condition (ECML) -10.42%) were recorded 
in all but one condition when compared to national level surfers, which we attributed to time spent in the 
standing position on an unstable surface. 
Conclusion: These results indicate that stand up paddle boarding may indeed be beneficial for strength 
and endurance training of the trunk musculature, for balance training for other sports and useful as a 
rehabilitation tool for musculoskeletal dysfunction. 
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INTRODUCTION:
6WDQGXSSDGGOHERDUGLQJ683LVDUHODWLYHO\
QHZVSRUWDQGUHFUHDWLRQDODFWLYLW\ZKLFKLV
LQFUHDVLQJLQSRSXODULW\DURXQGWKHZRUOGGXHWRLWV
SURSRVHGÀWQHVVFRUHVWUHQJWKEHQHÀWVDQG
HQMR\PHQW683LVDK\EULGRI VXUÀQJDQGSDGGOLQJ
LQZKLFKSDUWLFLSDQWVFDQHLWKHUGLVWDQFHSDGGOH
DQGRUVXUI ZDYHV0DQ\ZHEVLWHVDQHFGRWDOO\
DGYRFDWHWKHXVHRI 683WRLQFUHDVHVWUHQJWK
ÀWQHVVFRUHVWDELOLW\EDODQFHDQGGHFUHDVHEDFN
SDLQ+RZHYHURXUUHFHQWUHYLHZRI WKHOLWHUDWXUH
IRXQGQRVFLHQWLÀFHYLGHQFHWRVXEVWDQWLDWHWKH
SURSRVHGEHQHÀWV
683LVDQDFWLYLW\LQZKLFKWKHSDUWLFLSDQW
PDLQWDLQVDVWDQGLQJSRVLWLRQRQDERDUGVLPLODUWR
DVXUIERDUGKRZHYHUVWDQGXSSDGGOHERDUGVDUH
ORQJHULQOHQJWKa·WKLFNHUµDQGZLGHU
µWKDQWUDGLWLRQDOVXUIERDUGV7KH
SDUWLFLSDQWSURSHOVWKHERDUGDFURVVWKHVXUIDFHRI 
WKHZDWHUE\WKHXVHRI DORQJVLQJOHEODGHGSDGGOH
:KLOHWKHVWDQGLQJSRVLWLRQLVXQVWDEOHLQLWLDOO\LW
LVFRQWLQXRXVO\GLVWXUEHGE\WKHPRWLRQRI WKH
ERDUGDQGSDGGOHLQWKHZDWHUDQGWKHPRYHPHQW
RI WKHDUPVLQWKHDLUSURYLGLQJDFRQVWDQWSRVWXUDO
FKDOOHQJH7KHVSRUWLVORZLPSDFWWKHUHIRUHQR
UHSHWLWLYHLPSDFWRQWKHMRLQWVPDNLQJLWVXLWDEOH
IRUDOODJHV
683UHTXLUHVWKHSDUWLFLSDQWVFRUHPXVFXODWXUH
WREHDFWLYDWHGDWDOOWLPHVWRVWDELOLVHZKLOHPXVFOHV
RI WKHOHJVDUPVEDFNHYHQIHHWDQGWRHVDUHXVHG
WRPDLQWDLQEDODQFHRQWKHYDU\LQJVWDELOLW\DTXDWLF
HQYLURQPHQW7KLVVWDQFHLVDOVRNQRZQDVWKH
QHXWUDOSRZHUVWDQFHLQ\RJDZKLFKUHTXLUHV
LQGLYLGXDOVWRXWLOLVHSRVWXUDOPXVFOHV,WKDVEHHQ
SUHYLRXVO\UHSRUWHGWKDWUHOD[HGSRVWXUHVUHO\RQ
SDVVLYHOXPERSHOYLFVXSSRUWVWUXFWXUHVIRUWKH
PDLQWHQDQFHRI XSULJKWSRVLWLRQDJDLQVWJUDYLW\DV
VOXPSHGSRVWXUHVKDYHEHHQDVVRFLDWHGZLWKPRWRU
G\VIXQFWLRQRI WKHVSLQHVWDELOLVLQJPXVFOHV
LQFOXGLQJWKHOXPEDUPXOWLÀGXVDQGWKHGHHS
DEGRPLQDOPXVFXODWXUH
,WKDVEHHQUHSRUWHGWKDWLPSURYHGFRUHVWDELOLW\
RFFXUVZKHQWUDLQLQJRQXQVWDEOHVXUIDFHVDQG
FRUHVWDELOLW\WUDLQLQJLVFRPPRQO\LQWHJUDWHGLQ
ODWHUVWDJHVRI UHKDELOLWDWLRQSURJUDPVGXHWRKLJKHU
GHPDQGVRQWKHPRWRUFRQWUROV\VWHPDQG
LQFUHDVHGHOHFWURP\RJUDSKLF(0*UHFRUGLQJV
IURPWKHDEGRPLQDOPXVFXODWXUH'XHWRWKHIDFW
WKDWXQVWDEOHVXUIDFHWUDLQLQJQRUPDOO\GLFWDWHV
XVLQJOLJKWHUZHLJKWVDQGPRYHPHQWYHORFLWLHVVXFK
WUDLQLQJLVPRUHVXLWHGIRUGHYHORSLQJPXVFXODU
HQGXUDQFHUDWKHUWKDQPXVFOHVWUHQJWKDQGSRZHU5
7KHPHDVXUHPHQWRI SRVWXUDOVZD\LVZHOO
GRFXPHQWHGDQGKDVVHYHUDOSRWHQWLDODSSOLFDWLRQV
LQVSRUWVLQFOXGLQJVHOHFWLRQRI VNLOOHGDWKOHWHV
VWXG\RI WHFKQLTXHVRI VSRUWVZKLFKUHTXLUHKLJK
OHYHOVRI SRVWXUDOFRQWURODQGSUHYHQWLRQDQG
WUHDWPHQWPRQLWRULQJRI VSRUWVLQMXULHV
0HDVXUHPHQWVXWLOL]LQJIRUFHSODWIRUPVKDYHEHHQ
VKRZQWREHUHOLDEOHDQGGDWDVXFKDVOHQJWKRI 
VZD\DUHDRI VZD\YHORFLW\DQGIUHTXHQF\RI VZD\
FDQEHREWDLQHG7
6XUÀQJLVDVLPLODUZDWHUEDVHGVSRUWWR683LQ
WKDWLWUHTXLUHVDKLJKOHYHORI EDODQFHIURPLWV
DWKOHWHV$VPDOOQXPEHURI DUWLFOHVKDYH
LQYHVWLJDWHVWKHEDODQFHDELOLW\RI HOLWHOHYHOVXUIHUV
WRZKLFKFRPSDULVRQVWRD683SRSXODWLRQFDQEH
GUDZQ
,QWKHFRQWH[WRI DJOREDOREHVLW\HSLGHPLFLWLV
RI LQWHUHVWWRLQYHVWLJDWHWKH%0,RI WKHVH683
FRPSHWLWRUV2QDSRSXODWLRQOHYHO%0,LVD
YDOXDEOHWRROIRUDVVHVVLQJERG\PDVV7KHUHLVDQ
HQKDQFHGULVNRI PRUELGLW\DQGPRUWDOLW\GXHWR
HOHYDWHG%0,'XHWRKLJKPXVFOHPDVVWKHUH
DUHVRPHOLPLWDWLRQVRI %0,DVDQLQGH[IRUDWKOHWLF
SRSXODWLRQV
7KHSXUSRVHRI WKLVVWXG\WKHUHIRUHZDVWR
LQYHVWLJDWHYDOLGDQGUHOLDEOHRXWFRPHPHDVXUHVIRU
DVVHVVLQJVWDWLFDQGG\QDPLFEDODQFHLQ683DQG
DVVHVVWKHWUXQNPXVFXODWXUHVWUHQJWKRI HOLWHVWDQG
XSSDGGOHERDUGHUV:HK\SRWKHVLVHWKDWWKH
G\QDPLFEDODQFHFRQWURORI WKHVHDWKOHWHVZRXOGEH
VLPLODUWRSUHYLRXVO\SXEOLVKHGGDWDIRUHOLWHVXUIHUV
DQGWKDWWKHVHDWKOHWHVZRXOGKDYHKLJKOHYHOVRI 
WUXQNPXVFOHHQGXUDQFH
METHODS:
Participants
$WRWDORI HLJKWHOLWHUDQNHG683LQGLYLGXDOVDYJ
H[SHULHQFH\UVUHFUXLWHGIURPWKH6WDQG8S
3DGGOH6XUIHUV$VVRFLDWLRQYROXQWHHUHGWR
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SDUWLFLSDWHLQWKLVVWXG\683DWKOHWHVZHUHZLWKRXW
DKLVWRU\RI EDFNSDLQFXUUHQWORZHUOLPELQMXU\
QRWFXUUHQWO\SUHJQDQWDQGKDGQRGRFXPHQWHG
KLVWRU\RI DQ\PHQWDOKHDOWKGLVRUGHUVEDODQFH
GLVRUGHUVRUQHXURORJLFDOLPSDLUPHQW7KHVWXG\
ZDVDSSURYHGE\WKH8QLYHUVLW\(WKLFV&RPPLWWHH
DQGHDFKSDUWLFLSDQWVLJQHGDQLQIRUPHGFRQVHQW
IRUPSULRUWRWDNLQJSDUWLQWKHVWXG\
'DWDIRUFRPSDUDWLYHSXUSRVHVIURPWKH
$XVWUDOLDQ1DWLRQDO+HDOWK6XUYH\ZDV
REWDLQHGYLDWKH$XVWUDOLD%XUHDXRI 6WDWLVWLFV
$%67KHGDWDFRQWDLQHGXQLWUHFRUGÀOHVIRUWKH
$XVWUDOLDQSRSXODWLRQZLWKLGHQWLÀHUVUHPRYHGDQG
VRPHUDWLRGDWDVXFKDVDJHFROODSVHGLQWR
FDWHJRULFDOIRUPDW
Protocol:
Anatomical Measures: 7KHSDUWLFLSDQWVKHLJKW
ZHLJKWDQGSHUFHQWDJHERG\IDWZHUHPHDVXUHGZLWK
ELRLPSHGDQFHHOHFWURQLFVFDOHV7DQLWD%):
SULRUWRDQ\WHVWEHLQJFRQGXFWHG0HDVXUHVRI 
PXOWLÀGXVFURVVVHFWLRQDODUHDSRVWXUDOFRQWURODQG
EDFNH[WHQVRUHQGXUDQFHZHUHWKHQUHFRUGHG
Postural Control ZDVDVVHVVHGYLDDSRUWDEOH
IRUFHSODWIRUP.LVWOHU'ZLWK%LRZDUH
+]VDPSOLQJUDWHZLWKWKUHHSLH]RHOHFWULFIRUFH
VHQVRUVXVHGWRFDOFXODWHWKHFHQWUHRI SUHVVXUH
&23IRRWSRVLWLRQV(LJKWSRVWXUDOFRQGLWLRQV
ZHUHWHVWHG6WDQGLQJIHHWWRJHWKHURQWKHSODWIRUP
RQIRDP)RQD6HH6DZ6WDELORPHWUH7HFKQR
&RQFHSW)UDQFHIDFLQJDQWHULRUO\$3DQGÀQDOO\
WKH6HH6DZIDFLQJPHGLDOWRODWHUDO0/7KHVHH
VDZZDVDVHJPHQWRI F\OLQGHUUDGLXVFPKHLJKW
FPÀJXUHZKLFKZDVSODFHGRQWKHIRUFH
SODWIRUPXQGHUWKHG\QDPLFFRQGLWLRQV7KHVH
FRQGLWLRQVZHUHWHVWHGZLWKH\HVRSHQ(2DQG
WKHQUHSHDWHGZLWKH\HVFORVHG(&7KHWHVWVZHUH
FRQGXFWHGLQRUGHUIURPPRVWVWDEOHWROHDVWVWDEOH
)RUGHWHUPLQDWLRQRI SRVWXUDOFRQWURO
SDUWLFLSDQWVVWRRGEDUHIRRWZLWKWKHLUPHGLDO
PDOOHROLWRJHWKHUZLWKWKHLUIHHWIRUPLQJDQDQJOH
RI RKDQGVE\WKHLUVLGHDQGOHJVVWUDLJKW7KH
SRVWXUDOWHVWVUDQIRUVHFRQGVXQGHUWKHVWDEOH
WHVWVDQGVHFRQGVXQGHUWKHG\QDPLFFRQGLWLRQV
7KHSDUWLFLSDQWVZHUHLQVWUXFWHGWRVWDQGDVVWLOODV
SRVVLEOHIRUWKHGXUDWLRQRI WKHWHVWZLWKH\HVRSHQ
DQGWKHLUKHDGDQGH\HVORRNLQJVWUDLJKWIRUZDUG
(DFKWHVWZDVFRQGXFWHGRQO\RQFHWRQHJDWHWKH
SKHQRPHQRQRI OHDUQLQJ
&23VLJQDOVZHUHVPRRWKHGXVLQJD%XWWHUZRUWK
ÀOWHUZLWKD+]ORZSDVVFXWRII IUHTXHQF\$
VTXDUHDVTXDUHLQZKLFKDOOWKHVDPSOHVOLH
HTXDOWRD&23DUHDZDVFDOFXODWHGSRVWFROOHFWLRQ
YLDWKHUDQJHRI ERWKWKH[DQG\GHYLDWLRQV7KH
&23VZD\SDWKOHQJWKWKHWRWDOGLVWDQFHWUDYHOOHG
E\WKH&23RYHUWKHFRXUVHRI WKHWULDOGXUDWLRQ
ZDVFDOFXODWHGYLDWKHGLVWDQFHEHWZHHQHDFK
VDPSOLQJSRLQW)URPWKH&23H[FXUVLRQWKH&23
YHORFLW\ZDVFDOFXODWHG9HORFLW\ 'LVWDQFH7LPH
8OWUDVRXQGLPDJLQJRI PXOWLÀGXVEDFN
muscle cross sectional area: ZDVFDUULHGRXWZLWK
WKHSDUWLFLSDQWLQDSURQHSRVLWLRQRQDSOLQWKZLWK
DSLOORZSODFHGXQGHUWKHKLSVWRHOLPLQDWHOXPEDU
ORUGRVLVIROORZLQJZKLFKWKHUHVHDUFKHUSDOSDWHG
WKHLOLDFFUHVWWRGHWHUPLQHWKH/VSLQRXVSURFHVV
)URPWKLVUHIHUHQFHWKH//PXOWLÀGXVPXVFOH
ZDVLGHQWLÀHG
$GLDJQRVWLFXOWUDVRXQGVFDQQHU*HQHUDO
(OHFWULFPRGHO9LYLGLZDVXVHGWRLPDJHWKHOHIW
DQGULJKWPXOWLÀGXVPXVFOHDFFRUGLQJWRWKH
PHWKRGVSUHYLRXVO\GHVFULEHGE\6WRNHV,PDJHV
FDSWXUHGZHUHVXEVHTXHQWO\VDYHGWR86%DQG
DQDO\VHGXVLQJVSHFLDOLVHGLPDJHSURFHVVLQJDQG
DQDO\VLQJVRIWZDUH,PDJH-61DWLRQDO
,QVWLWXWHRI +HDOWK&URVVVHFWLRQDODUHDZDV
GHWHUPLQHGE\PDQXDOO\WUDFLQJDOLQHDURXQGWKH
FLUFXPIHUHQFHRI WKHPXOWLÀGXVPXVFOHE\WKHVDPH
LQYHVWLJDWRU
/XPEDU([WHQVRU(QGXUDQFH7KHSDUWLFLSDQWV
ZHUHDVNHGWROLHSURQHRQDSOLQWKZLWKWKHLULOLDF
FUHVWVLQOLQHZLWKWKHHGJHRI WKHSOLQWKDQGWKHLU
XSSHUERG\UHVWLQJRQDFKDLU3DUWLFLSDQWVZHUH
DVNHGWRNHHSWKHERG\KHDGDUPVDQGWUXQN
XQVXSSRUWHGLQWKHKRUL]RQWDOSRVLWLRQDVORQJDV
SRVVLEOH7KHWHVWZDVWHUPLQDWHGZKHQWKH
SDUWLFLSDQWFRXOGQRORQJHUKROGWKHKRUL]RQWDO
SRVLWLRQDVGHWHUPLQHGE\WKHWHVWHUDQGWKHWLPH
ZDVUHFRUGHG
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STATISTICAL ANALYSES: 
([DFWSYDOXHVZHUHFDOFXODWHGLQRUGHUWR
FRQVHUYDWLYHO\SURGXFHDPRUHDFFXUDWHSYDOXH
WKDQYLDFRQYHQWLRQDODV\PSWRWLFDSSUR[LPDWLRQ
GXHWRWKHVPDOOVDPSOHVL]H7KLVSURYLGHGERWK
DSSURSULDWHO\DFFXUDWHGDWDFRPSDULVRQVDQG
UHOLDEOHLQIHUHQFHVIRUWKHVDPSOHVL]HVSUHVHQWHGLQ
WKLVGDWDVHW1RQSDUDPHWULFOLQHDUFRUUHODWLRQV
ZHUHDQDO\VHGXVLQJ6SHDUPDQ·V&RUUHODWLRQ2QH
VDPSOHWWHVWVZHUHXVHGWRFRPSDUHZLWKFRQWURO
GDWDREWDLQHGIURPWKH$%63RVWXUHWHVWUHVXOWV
ZHUHFRPSDUHGDFURVVWKHYDULRXVVXUIDFHVYLD
)ULHGPDQWHVWV3RVWKRFWHVWLQJZDVFRQGXFWHG
XVLQJWKH:LOFR[RQ6LJQHG5DQNVWHVW7KLVZDV
XVHGWRJHWKHUZLWKWKH0DQQ:KLWQH\8WHVWWR
FRPSDUHLQGHSHQGHQWJURXSVLQWKHGDWD$
VHTXHQWLDO%RQIHUURQLUHMHFWLYHPXOWLSOHWHVW
SURFHGXUHZDVXVHGWRDGMXVWIRUPXOWLSOH
FRPSDULVRQV
$UHOLDELOLW\DVVHVVPHQWRI WKHXOWUDVRXQG
PHDVXUHPHQWRI WKHPXOWLÀGXVPXVFOHZDVDOVR
SHUIRUPHG$QDQDO\VLVRI VWDWLVWLFDOFRPSDULVRQV
RI ZLWKLQVHVVLRQUHOLDELOLW\ZDVSURGXFHGDVRQO\
RQHLQYHVWLJDWRUZDVLQYROYHG6WDWLVWLFDODQDO\VLV
ZDVFRQGXFWHGXVLQJ6366YHUVLRQ7KHDOSKD
OHYHOZDVVHWDW3
RESULTS:
Demographics:7KHDYHUDJHDJHRI WKH683
DWKOHWHVLQWKLVVWXG\ZDV\UVDVVHHQLQ7DEOH
+HLJKWVDQGZHLJKWVZHUHFRPSDUHGWRSXEOLVKHG
GDWDIURPWKH$%6GDWDZDVDJHUHVWULFWHGWR
\HDUV7KHUHZDVQRVLJQLÀFDQWGLIIHUHQFHLQKHLJKW
EHWZHHQ683PDOHVDQG$%6PDOHVQ RU
EHWZHHQ683DVDZKROHFRPSDUHGZLWKWKH
GDWDEDVHFRPELQHGDQGFRQWUROOHGIRUJHQGHU
Q 0DOHVZHUHRI FRPSDUDEOHPHDQKHLJKW
WRWKHLU$%6FRXQWHUSDUWVPYVPDQG
IHPDOHVVOLJKWO\WDOOHUPYVP2YHUDOO
FRPSDUHGWRDJHQGHUPDWFKHGUDWLRRI $%6GDWD
683KHLJKWVZHUHQRWVLJQLÀFDQWO\GLIIHUHQWWRWKH
$%6GDWD
7KH683SDUWLFLSDQWVKDGVLJQLÀFDQWO\OHVVPDVV
NJYVNJS WKDQWKHFRPSDUDWLYH
DJHDQGJHQGHUPDWFKHG$%6GDWD$VH[SHFWHGIRU
DQDWKOHWLFSRSXODWLRQERG\PDVVLQGH[%0,
NJPFRPSDUHGIDYRXUDEO\ZLWKWKH$%6GDWD
1RQHRI WKH683DWKOHWHVZHUHFODVVLÀHGDVREHVH
%0,!NJPZKLFKFRPSDUHGIDYRXUDEO\ZLWK
WKHDJHPDWFKHGUDQJHDQGJHQGHUPDWFKHGUDWLRRI 
$%6GDWDQ IRUZKLFKZHUHFODVVLÀHG
DVRYHUZHLJKW%0,ZDVVLJQLÀFDQWO\ORZHULQ683
DWKOHWHVS
$VZRXOGEHH[SHFWHGWKHUHZHUHVLJQLÀFDQW
GLIIHUHQFHVEHWZHHQJHQGHUVLQWHUPVRI ERG\IDW
DQGPXOWLÀGXVVL]H0DOHVGHPRQVWUDWHG
VLJQLÀFDQWO\ORZHUDEVROXWHSHUFHQWERG\IDW
DVFRPSDUHGWRIHPDOHV= 
S ZKLOHWKHPDOHVPXOWLÀGXVVL]HPHDVXUHG
RQWKHULJKWDQGRQWKHOHIW
ZHUHERWKVLJQLÀFDQWO\ODUJHU] S 
Postural Control: $VVHHQLQWDEOHSRVWXUDO
FRQWUROZDVWKHKLJKHVWLQWKH(2DQG(20/
SRVLWLRQV7KHKLJKHVWVTXDUHVZHUHIRXQGLQ
WKH(&I FRQGLWLRQ7KHORZHVWYHORFLW\ZDVLQWKH
(2FRQGLWLRQZLWKWKHKLJKHVWYHORFLW\VHHQLQWKH
(&0/FRQGLWLRQ
6SHDUPDQ·VUKRUHYHDOHGPDQ\FRUUHODWLRQV
SEHWZHHQVTXDUHZD\SDWKOHQJWK
63/DQGYHORFLW\IRUWKHHLJKWSRVWXUDOFRQWURO
FRQGLWLRQV7KLVZDVH[SHFWHGJLYHQWKHORJLFDO
DVVRFLDWLRQEHWZHHQGLIIHUHQWSRVWXUDOEDODQFHWDVNV
7KLVÀQGLQJDQGWKHKLJKƱYDOXHVKLJKHVWQRQ
Table 1. Baseline measures of the athletes. (Mean 
+S.D.)
Group  
(n=8)
Males  
(n=5)
Females 
(n=3)
Age (years) 36.8 ± 6.3 38.4 ± 7.3 34.0 ± 3.6
Experience 
(years)
4.1 ± 2.2 5.0 ± 2.3 2.7 ± 0.6
Height (cm) 173.2 ± 5.5 176.2 ± 3.1 168.0 ± 4.7
Weight (kg) 72.3 ± 6.9 75.8 ± 3.3 66.4 ± 8.0
BMI 24.1 ± 2.3 24.4 ± 1.6 23.6 ± 3.7
% body fat 17.5 ± 6.4 13.4 ± 2.3 24.4 ± 4.6
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DGMXVWHGƱ ZRXOGLQGLFDWHWKDWWKHSRVWXUDO
FRQGLWLRQVZHUHFORVHO\LQWHUUHODWHGDQGWKDWZLWK
PRUHH[WHQVLYHWHVWLQJRQDODUJHUVXEMHFWJURXSD
VXLWDEOHLQIHUHQWLDOPRGHOFRXOGEHGHYHORSHGWR
LGHQWLI\WKHPRVWUHSUHVHQWDWLYHYDULDEOHV
VWUHDPOLQLQJWHVWLQJSURFHGXUHV
&RPSDULVRQRI SDLUHGFRQGLWLRQV(2(&
(2I(&I(2$3(&$3DQG(20/(&0/DOO
VKRZHGVWDWLVWLFDOO\VLJQLÀFDQWO\=!S
IRUDOOYLD:LOFR[RQ6LJQHG5DQNVH[DFWWHVW
LQFUHDVHGVTXDUH63/DQGYHORFLW\ZKHQH\HV
ZHUHFORVHGFRPSDUHGWRWKHH\HVRSHQFRQGLWLRQ
([DPLQLQJGDWDIRUWKH(2FRQGLWLRQDFURVVWKH
YDULRXVVXUIDFHVYLD)ULHGPDQH[DFWWHVWVLQGLFDWHG
VLJQLÀFDQWGLIIHUHQFHVLQVTXDUH; 
S63/; SDQGYHORFLW\
; S6WDWLVWLFDOO\VLJQLÀFDQW
GLIIHUHQFHVH[LVWHGDFURVVWKHYDULRXVVXUIDFHVZLWK
)ULHGPDQH[DFWWHVWVSHUIRUPHGLQWKH(&FDVH
LQGLFDWLQJIXUWKHUVLJQLÀFDQWGLIIHUHQFHVLQ
Table 2: Centre of Pressure (COP) results for the postural tasks (Mean 95%CI). 
COP surface: a square drawn around all the points in which the entire sample is contained. 
(X*Y) Vel: Velocity of the COP deviation over the entire sample. (V=D/t)
SUP Local Surfers (Palliard, 2011) National Surfers (Palliard, 2011)
Condition
COP 
surface 
(mm2)
Sway 
Velocity 
(mm∙s-1)
Sway Path 
Length 
(mm)
COP 
surface 
(mm2)
p value
Sway 
Velocity 
(mm∙s-1)
p value
COP 
surface 
(mm2)
p value
Sway 
Velocity 
(mm∙s-1)
p value
Eyes Open
277.5 
±110.8
13.4
±2.0
670.6
±100.5
126.3
±55.1
0.007*
8.2
±2.5
<0.001†
112.5
±26.5
0.004*
7.8
±1.8
<0.001†
Eyes 
Closed
467.7 
±184.4
17.8
±4.3
890.1
±213.2
112.8
±84.7
0.048*
10.4
±2.8
0.002†
137.1
±61.7
0.043*
10.1
±2.8
0.001†
Eyes Open 
foam
502.6 
±115.1
17.2
±1.4
858
±71.3
- - - - - - - -
Eyes 
Closed 
foam
1499.0 
±456.6
29.8
±2.8
1490.3
±138.3
- - - - - - - -
Eyes Open 
Anterior 
Posterior
364.0 
±104.7
19.3
±2.1
486.1
±51.4
268.1
±142.0
0.032*
39.5
±15.7
<0.001†
195.7
±87.0
0.003*
29.5
±6.8
<0.001†
Eyes 
Closed 
Anterior 
Posterior
1162.4 
±490.4
30.5
±5.3
762.1
±131.9
829.8
±200.0
0.003*
65.5
±19.6
<0.001†
612.8
±263.7
0.017*
47.5
±9.6
<0.001†
Eyes Open 
Medial 
Lateral
270.5 
±116.5
18.3
±3.7
457.1
±91.7
237.5
±83.9
0.26
25.2
±6.0
0.001†
231.1
±116.7
0.185
22.2
±4.9
0.024†
Eyes 
Closed 
Medial 
Lateral
1146.2 
±441.8
36.3
±13.0
907.1
±324.0
1311.9
±479.2
0.358
52.1
±16.5
0.011*
762.1
±245.9
0.043*
41.1
±13.0
0.388
* - significant at < 0.05 level after multiple comparison adjustment
†- significant at < 0.01 level after adjustment
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; S63/; S
DQGYHORFLW\; S3RVWKRF
:LOFR[RQ6LJQHG5DQNVH[DFWWHVWVDGMXVWHGIRU
PXOWLSOHFRPSDULVRQVLQGLFDWHGVWDQGLQJRQIRDPLQ
ERWK(2DQG(&FRQGLWLRQVUHVXOWHGLQVLJQLÀFDQWO\
KLJKHUVTXDUH63/DQGYHORFLW\DOOS
WKDQWKHUHVSHFWLYHFRQGLWLRQVZLWKRXWIRDPHYHQ
GHVSLWHVWDQGLQJIRUDVKRUWHUWLPH
,QWKH(2FRQGLWLRQWHVWLQJRQIRDPSURGXFHG
VLJQLÀFDQWO\PRUHVTXDUHDQG63/WKDQWKH
$3DQG0/UHVXOWVDOOSDIWHUDGMXVWPHQW
7KHYHORFLW\ZDVKLJKHUIRUERWK0/DQG$3WKDQ
IRDPDQGIRU$3WKLVZDVVLJQLÀFDQWO\VR
S$VLPLODUSDWWHUQZDVDOVRFRQÀUPHGLQ
WKH(&FRQGLWLRQZLWKWHVWLQJRQIRDPSURGXFLQJ
KLJKHUVTXDUHDQG63/WRJHWKHUZLWKORZHU
YHORFLW\,QWKLVVLWXDWLRQKRZHYHURQO\63/ZDV
VWDWLVWLFDOO\VLJQLÀFDQWSIRUERWKIRDPYV
0/DQGIRDPYV$3DIWHUDGMXVWPHQWIRUPXOWLSOH
FRPSDULVRQV9HORFLW\ZDVVWDWLVWLFDOO\VLJQLÀFDQWO\
ORZHUSLQHDFKRI WKH(2DQG(&
FRQGLWLRQVVWDQGLQJGLUHFWO\RQWKHIRUFHSODWH
)7(2DQG)7(&WKDQIRUHDFKRI WKH$3DQG
0/VLWXDWLRQV
:KHQFRPSDULQJWKLVGDWDWRH[WUDSRODWHGIURP
3DOOLDUG·VVWXG\RQ6XUIHUVVDPSOHWWHVW
DGMXVWHGIRUPXOWLSOHFRPSDULVRQVVXUIDFHDUHD
ZDVJUHDWHUWKDQORFDODQGQDWLRQDOVXUIHUVXQGHUDOO
HLJKWPHDVXUHGFRQGLWLRQV7KHGLIIHUHQFHZDV
VLJQLÀFDQWSLQ(2(&(2$3(&$3
FRQGLWLRQVIRUWKHORFDOVXUIHUVDQGDOOFRQGLWLRQV
H[FHSW(20/LQQDWLRQDOVXUIHUV
0XOWLÀGXV&URVV6HFWLRQDO$UHD:LWKUHJDUG
WRWKHUHOLDELOLW\RI PHDVXULQJPXOWLÀGXVFURVV
VHFWLRQDODUHDWKHYHU\KLJK&URQEDFK·V$OSKDRI 
DQGDQ,&&RI &,
DYHUDJHPHDVXUHVLQGLFDWHGH[FHOOHQWUHOLDELOLW\RI 
PHDVXUHPHQW7KHDYHUDJHFURVVVHFWLRQDODUHD
PHDVXUHPHQWVIRUERWKULJKWDQGOHIWPXOWLIXGXV
PXVFOHVIRUDOOSDUWLFLSDQWVERWKIHPDOHDQGPDOH
DUHSUHVHQWHGLQ7DEOH0DOHVGHPRQVWUDWHG
JUHDWHUFURVVVHFWLRQDODUHDVWKDQIHPDOHV
PXOWLÀGXV5] S DQGPXOWLÀGXV/
] S 
%LHULQJ6RUHQVHQ:LWKUHVSHFWWRWKH%LHULQJ
6RUHQVHQWHVWRI LVRPHWULFHQGXUDQFHWKHDYHUDJH
HQGXUDQFHWLPHZDVVHFRQGVIRUWKH
HQWLUHJURXSVHFRQGVIRUPDOHVDQG
VHFRQGVIRUIHPDOHV7DEOH%0,
KDGDVWURQJQHJDWLYHFRUUHODWLRQƱ 
S XQDGMXVWHGZLWKWKH%LHULQJ6RUHQVHQ
WHVW
DISCUSSION:
Anatomical Measures: 
7KLVSRSXODWLRQRI 683DWKOHWHVGHPRQVWUDWHG
ORZHUWKDQDYHUDJHERG\IDWSHUFHQWDJHVZKHQ
FRPSDUHGWRWKHDYHUDJHDJHPDWFKHG$XVWUDOLDQ
LQGLYLGXDO7KHUHZHUHQRVLJQLÀFDQWGLIIHUHQFHVLQ
WKHPDOH683KHLJKWVWRWKHDYHUDJHKHLJKWRI DJH
DQGJHQGHUDSSURSULDWHFRPSDULVRQIURPWKH
$XVWUDOLDQQDWLRQDOSRSXODWLRQ0HQGH]
9LOODQHXYDIRXQGWKDWDVKRUWHUVWDWXUHZDVPRUH
DGYDQWDJHRXVWRVXUÀQJSHUIRUPDQFHVSHFLÀFDOO\
G\QDPLFEDODQFH7KHVDPHEHQHÀWLQDVKRUWHU
VWDWXUHFRXOGEHDGYDQWDJHRXVRQD683LI VXUÀQJ
ZDVWKHSUHGRPLQDWHDFWLYLW\EHLQJSHUIRUPHGRU
DOWHUQDWLYHO\DWDOOHUVWDWXUHZLWKDJUHDWHUUHDFK
FRXOGDOORZDJUHDWHUGLVWDQFHSHUVWURNHZKHQ
VSHHGDFURVVWKHZDWHULVWKHSULPDU\DLP
7KHODUJHQXPEHURI 683SDUWLFLSDQWVEHLQJ
FODVVLÀHGDVRYHUZHLJKWPD\UDLVHFRQFHUQDERXWWKH
KHDOWKDQGZHOOEHLQJRI WKLVFRKRUW,WVKRXOGEH
QRWHGKRZHYHUWKDWDOWKRXJKDKLJKSHUFHQWDJHRI 
WKHVHDWKOHWHVZHUHGHWHUPLQHGWREHRYHUZHLJKW
%0,GRHVQRWWDNHLQWRDFFRXQWOHDQPXVFOHPDVV
7KHDWKOHWHVDPRQJVWWKLVFRKRUWGHPRQVWUDWHG
ERG\IDWSHUFHQWDJHVZKLFKZHUHQRWVLJQLÀFDQWO\
GLIIHUHQWWRDWHDPRI QDWLRQDOZDWHUVSRUW
SURIHVVLRQDOVS WKHUHIRUH%0,VKRXOG
Table 3: Multifidus sizes and Biering Sorensen hold 
times. (Mean±SD)
Multifidus 
(R- cm2)
Multifidus 
(L- cm2)
Biering 
Sorensen 
(secs)
Group 6.12 ± 0.79 6.19 ± 0.80 129.12 ± 28.94
Males 6.51 ± 0.51 6.59 ± 0.55 125.13  ± 10.78
Females 5.34  ± 0.41 5.42 ± 0.34 137.1 ± 32.93
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RQO\EHFRQVLGHUHGDJHQHUDOLQGLFHRI KHDOWKDQG
HVWLPDWLRQRI SHUFHQWERG\IDWVKRXOGEH
FRQVLGHUHGDEHWWHUPHDVXUH,WKDVSUHYLRXVO\
EHHQUHSRUWHGWKDW%0,RQO\PRGHUDWHO\FRUUHODWHV
ZLWKSHUFHQWDJHERG\IDWr ²DQGPD\
HUURQHRXVO\FDWHJRULVHDWKOHWHVZLWKKLJKPXVFOH
PDVVLQWREHLQJRYHUZHLJKWRUREHVH
0XOWLÀGXV7KHUHVXOWVIURPWKLVVWXG\
GHPRQVWUDWHGDQDYHUDJHPXOWLÀGXVFURVVVHFWLRQDO
DUHD&6$ODUJHUWKDQWKHPRUHUHFHQWZRUNRI 
+LGHVEXWVOLJKWO\OHVVWKDQ6WRNHVDQG/HHVZRUN
LQDQGUHVSHFWLYHO\7KHDYHUDJH
VL]HIRUPDOHDWKOHWHVZDVFPRQWKH
ULJKWDQGFPRQWKHOHIWOHVVWKDQ
6WRNHVDQG/HH·VPRUHUHFHQWZRUN7KH
DYHUDJH&6$RI IHPDOHDWKOHWHVDUHVLPLODUWRWKH
VL]HVREWDLQHGE\+LGHVLQ6WRNHVLQ 
DQGVOLJKWO\ODUJHUWKDQ+LGHVZRUNLQDQG

7KHUHKDYHEHHQDZLGHYDULDWLRQRI UHVXOWV
SXEOLVKHGWKURXJKRXWWKHOLWHUDWXUHUHJDUGLQJWKH
VL]HRI WKHPXOWLÀGXV&6$PHDVXUHGE\XOWUDVRXQG
7KHUHDUHGLIIHUHQWLQWHUSUHWDWLRQVRI ZKHUHWKH
PXVFOHEHOO\ÀQLVKHVODWHUDOO\GXHWRLWVSUR[LPLW\WR
ORQJLVVLPXV
$VSHUWKHWDEOH+LGHVIRXQG/&6$·VWREH
FPDPRQJVWDSRSXODWLRQRI DV\PSWRPDWLF
DWKOHWHVDQGDQGLQKHU
HDUOLHUUHVHDUFKLQ6WRNHVIRXQGPDOHVWR
KDYHDQDYHUDJHRI FPIHPDOHVFPLQ
7KHPHDVXUHGYDOXHVLQWKLVVWXG\DUHZHOO
Table 4: Previously published results of CSA of 
multifidus, all taken at L4/5 (mean ± SD)
Author Male (cm2) Female (cm2)
Hides, 1992 6.15 ± 0.93 5.6 ± 0.8
Hides, 1995 - 4.13
Stokes, 2005 7.87 ± 1.85 5.55 ± 1.28
Lee, 2006 
(L;R)
7.62 ± 1.38
7.68 ± 1.29
-
Hides, 2008 4.79 ± 1.70 3.80 ± 1.74
DERYH+LGHVPRVWUHFHQWZRUNZKLFKDUJXDEO\
FRXOGEHWKHPRVWYDOLGZLWKPRUHPRGHUQ
XOWUDVRXQGPDFKLQHVDQGKLJKHUUHVROXWLRQ
3HUKDSVWKHOXPEDUPXOWLÀGXVUROHDVDVWDELOLVHU
GRHVQRWUHTXLUHDQLQFUHDVHGVL]H3DUNNRODIRXQG
W\SH,PXVFOHÀEUHVSUHGRPLQDWLQJLQWKLVPXVFOH
DQG0DQQLRQVKRZHGDQLQFUHDVHQXPEHURI W\SH
,,EÀEUHVDPRQJVWVSLQDOVXUJHU\SDWLHQW
'XULQJVWDELOLVDWLRQH[HUFLVHVPXOWLÀGXVKDVEHHQ
IRXQGWREHFRQWUDFWLQJRQO\EHWZHHQDQG
RI LWVPD[LPDOYROXQWDU\FRQWUDFWLRQDQG
GXULQJVWUHQJWKH[HUFLVHV3HUKDSVWKH
PXOWLÀGXVLVRI DPSOHVL]HWRIXOÀOLWVUROHDVD
VWDELOLVHUDQGWKHUHIRUHGRHVQRWQHHGWREH
K\SHUWURSKLHGDVGHPDQGVGRQRWH[FHHGLWV
FXUUHQWFDSDELOLW\VSHFLÀFDGDSWDWLRQWRLPSRVHG
GHPDQGSULQFLSOH$OWKRXJK'DQQHHOVUHSRUWHG
K\SHUWURSK\RI WKHOXPEDUPXOWLÀGXVPXVFOH
IROORZLQJZHHNVRI VWDELOLVDWLRQWUDLQLQJWKLV
ZDVZLWKDSRSXODWLRQZKLFKKDGPXVFOHDWURSK\
GXHWRORZEDFNSDLQ
7KHSUREHXVHGFDQDOVRKDYHDQHIIHFWRQWKH
FURVVVHFWLRQDODUHDPHDVXUHGE\XOWUDVRXQG'XULQJ
WKLVVWXG\DOLQHDUSUREHZDVXVHG&RQYH[SUREHV
UHVXOWLQDGLYHUJLQJXOWUDVRXQGLPDJHWKLVKDVD
SURSHQVLW\WRH[DJJHUDWHWKHVL]HRI WKHDUHDXQGHU
LQYHVWLJDWLRQ7KLVSRVVLEO\ZDUUDQWVWKHVWXG\RI 
(0*DFWLYLW\RI WKLVSRSXODWLRQZKLOHSHUIRUPLQJ
WKHSDGGOLQJVWURNH3URYLGLQJWKDWWKHHOHFWULFDO
DFWLYLW\RI WKLVPXVFOHLVVXIÀFLHQWDQGWKHUHLVQR
DWURSK\RUIDWW\LQÀOWUDWHZLWKLQWKHPXVFOHLWLV
DEOHWRSHUIRUPLWVUROHDVDVWDELOLW\PXVFOH
3RVWXUDO6ZD\7KH683SRSXODWLRQ
GHPRQVWUDWHGWKDWEDODQFHZDVGHFUHDVHGXQGHU
FRQGLWLRQVZKHQYLVLRQDQGSURSULRFHSWLRQZDV
GHSULYHG$VSHURXUH[SHFWDWLRQVWKHVPDOOHVW
&23H[FXUVLRQVVZD\SDWKOHQJWKZHUHIRXQGLQ
WKH(2DQG(20/FRQGLWLRQV7KHJUHDWHVWZHUH
LQWKH(&I FRQGLWLRQV7KLVGHPRQVWUDWHVDUHOLDQFH
RQSURSULRFHSWLRQDPRQJVWWKLVSRSXODWLRQ
$QLQFUHDVHGFHQWUHRI SUHVVXUHPHDVXUHPHQWLV
XVXDOO\LQGLFDWLYHRI GHFUHDVHGSRVWXUDOVWDELOLW\DQG
KDVEHHQVKRZQWREHDJRRGSUHGLFWRURI IDOOVLQ
WKHHOGHUO\DQGDVVRFLDWHGZLWKORZEDFNSDLQ
'HÀFLWVRI PRWRUVNLOODQGFRRUGLQDWLRQKDYHDOVR
EHHQDVVRFLDWHGZLWKPXVFXORVNHOHWDOGLVRUGHUV7KH
Volume 3, Issue 1, April 2014 | JOURNAL OF FITNESS RESEARCH 47
TXHVWLRQKDVDOVREHHQUDLVHGLI WKHVHGHÀFLWVFRXOG
EHDSUHGLVSRVLQJIDFWRURUVLPSO\DVVRFLDWHGZLWK
VXFKGLVRUGHUV7/RZEDFNSDLQSDWLHQWVKDYHEHHQ
IRXQGWRKDYHDJUHDWHUGHJUHHRI VZD\LQFUHDVHG
UHOLDQFHRQDKLSVWUDWHJ\IRUSRVWXUDOFRQWURODQGD
SRVWHULRUFHQWUHRI SUHVVXUHZKHQFRPSDUHGWR
KHDOWK\LQGLYLGXDOV
6WXGLHVKDYHVKRZQWKDWWKH&16ZLOOXVHDKLS
RUDQNOHVWUDWHJ\GHSHQGLQJRQWKHGHJUHHRI 
SHUWXUEDWLRQWRWKHERG\)LQHDGMXVWPHQWVDUH
PDGHWRNHHSWKHERG\·VFHQWUHRI JUDYLW\LQ
SRVLWLRQE\DOWHULQJWKHFHQWUHRI SUHVVXUH7KLV
FDQEHDFKLHYHGZLWKHLWKHUDQDQNOHVWUDWHJ\KLS
VWUDWHJ\RUDFRPELQDWLRQRI ERWK'XULQJTXLHW
VWDQFHPHGLDOODWHUDOFRQWUROLVDFKLHYHGZLWKDKLS
ORDGXQORDGVWUDWHJ\ZLWKWKHXVHRI WKHDGGXFWRUV
DQGDEGXFWRUVZKLOHDQWHULRUSRVWHULRUFRQWUROZDV
SUHGRPLQDQWDWWKHDQNOHYLDWKHXVHRI WKHDQNOH
SODQWDUÁH[RUVDQGGRUVLÁH[RUV
3DOPHUL·VSDSHUFODLPVWKDWGHFUHDVHGVZD\
YHORFLW\UHSUHVHQWVDQLQFUHDVHGDELOLW\WRPDLQWDLQ
XSULJKWVWDQFHZKHUHDVDQLQFUHDVHGYHORFLW\
UHSUHVHQWVDGHFUHDVHGDELOLW\WRFRQWUROSRVWXUH
,QFRPSDULVRQWR3DOOLDUGVLQYHVWLJDWLRQRI VXUIHUV
LQWKLVSRSXODWLRQRI 683DWKOHWHVVKRZVD
VLJQLÀFDQWO\ORZHUYHORFLW\LQERWKWKH$3DQG0/
LQERWKWKH(&DQG(2FRQGLWLRQVDVVHHQLQ)LJXUH
7KLVFRXOGGHPRQVWUDWHDPRUHHIÀFLHQWSRVWXUDO
FRQWUROV\VWHPXQGHUG\QDPLFFRQGLWLRQVLQWKLV
JURXSRI SDGGOHERDUGHUVRYHUWKHSURIHVVLRQDO
VXUIHUVWHVWHGE\3DOOLDUG
7KLVGLIIHUHQFHIURPWKHVXUÀQJSRSXODWLRQDV
GHVFULEHGPD\EHDWWULEXWHGWRWKHWLPHVSHQWLQWKH
VWDQGLQJSRVLWLRQDVRSSRVHGWRWKHSURQHSRVLWLRQ
LQZKLFKDVXUIHUSDGGOHV6WXGLHVKDYHVKRZQWKDW
WKHWLPHVSHQWLQWKHVWDQGLQJSRVLWLRQGXULQJ
VXUÀQJZDVDVORZDV$VWKHSDGGOLQJPRWLRQ
LVSHUIRUPHGLQWKHVWDQGLQJSRVLWLRQLQ683WKH
GXUDWLRQLQZKLFKEDODQFHLVFKDOOHQJHGLVPXFK
JUHDWHU
Figure 1: Velocity of static and dynamic sway between SUP and local and national surfers. Mean with SD bars. 
* = significant at < 0.05 level after multiple comparison adjustments
† = significant at < 0.01 level after adjustment
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,WDSSHDUVDVWKRXJKDV&KDSPDQGLVFXVVHGLQ
KLVSDSHUWKHEDODQFHWUDLQLQJIURPWKLVVSRUW
DOORZVDÁH[LEOHVWUDWHJ\RI EDODQFHFRQWURO
$OWKRXJKXQGHUQRQFKDOOHQJLQJFRQGLWLRQVWKH
63/RUYHORFLW\RI VZD\FDQEHTXLWHODUJHWKH
DWKOHWH·V&23LVVWLOOZHOOZLWKLQWKHEDVHRI 
VXSSRUW7KLV683SRSXODWLRQDFWXDOO\VKRZVDQ
LQFUHDVHGYHORFLW\LQWKHVWDWLFFRQGLWLRQVZKHQ
FRPSDUHGWRWKHLUVXUÀQJFRXQWHUSDUWV)LJXUH
,WKDVEHHQVXJJHVWHGWKDWWKLVSRVWXUDOFRQWUROLV
GXHWRLQFUHDVHGMRLQWVWLIIQHVV/OR\GSURSRVHGWKH
H[SODQDWLRQWKDWVSHFLÀFQHXUDODGDSWDWLRQVRFFXU
ZLWKEDODQFHWUDLQLQJZKLFKSRVVLEO\VXSSUHVVHVWKH
PXVFOHVWUHWFKUHÁH[GXULQJSRVWXUDOWDVNV+H
VXJJHVWHGWKDWWKLVOLPLWVWKHDPRXQWRI 
GHVWDELOLVLQJPRYHPHQWVDQGDOORZWKHDJRQLVW
DQWDJRQLVWFRFRQWUDFWLRQVWRLQFUHDVHMRLQW
VWLIIQHVVWKHUHIRUHOHDGLQJWRLQFUHDVHGEDODQFH,W
LVSURSRVHGWKDWLPSURYHPHQWVLQEDODQFHLQDQ\
VSRUWFRXOGGHFUHDVHWKHUHOLDQFHRQPXVFOHVWR
SURYLGHVWDELOLW\WKHUHIRUHHQDEOLQJWKHPWR
FRQWULEXWHWRPRWLYHIRUFH
7KLVLQFUHDVHGG\QDPLFSRVWXUDOFRQWUROFRXOGEH
GXHWRVSHFLÀFDGDSWDWLRQGXHWRWKHVSRUWRU
DOWHUQDWLYHO\DV&KDSPDQGLVFXVVHGSRVVLEOHGXHWR
DJUDYLWDWLRQWRZDUGDQGVXEVHTXHQWVXFFHVVLQ
EDODQFHUHODWHGDFWLYLWLHVIURPWKRVHZKRKDYHD
JHQHWLFSUHGLVSRVLWLRQWRZDUGVXSHULRUSRVWXUDO
FRQWURO8
.LGJHOOGHPRQVWUDWHGWKDWVL[ZHHNVRI WUDLQLQJ
RQDPLQLWUDPSZDVDVHIIHFWLYHDVDGXUDGLVFIRU
SHRSOHZKRKDYHVXVWDLQHGODWHUDODQNOHVSUDLQV
,WLVRXUK\SRWKHVLVWKDWDVL[ZHHNWUDLQLQJ
SURJUDPRQDVWDQGXSSDGGOHERDUGFRXOGEHMXVW
DVHIIHFWLYHGXHWRWKHVLPLODUXQVWDEOHVXUIDFH
%LHULQJ6RUHQVHQ7KHDYHUDJHHQGXUDQFHWLPH
IRUWKH%LHULQJ6RUHQVHQWHVWRI LVRPHWULF
HQGXUDQFHZDVVIRUWKHHQWLUHJURXSV
IRUPDOHVDQGVIRUIHPDOHV7KLVLQFUHDVHG
HQGXUDQFHWLPHIRUIHPDOHVLVLQDJUHHPHQWZLWK
PDQ\RI WKHSUHYLRXVVWXGLHV
9DULDWLRQVLQUHVXOWVFDQEHDWWULEXWHGWRD
GLIIHUHQFHLQWHUPLQDWLRQFULWHULDDPRQJVWRWKHU
VWXGLHVGHJUHHVYHUVXVGHJUHHVYHUVXVWHVWHU
GHWHUPLQHG2WKHUYDULDWLRQVRI WKHSRVLWLRQ
LQFOXGHDGHJUHHURPDQFKDLUEDVHGWHVWRI 
LVRPHWULFHQGXUDQFH
0F*LOO·VVWXG\RQ\RXQJKHDOWK\LQGLYLGXDOV
VKRZHGDQDYHUDJHPHQ·VHQGXUDQFHWLPHRI V
DQGZRPHQ·VV$GHGR\LQIRXQGV
IRUPHQDQGVIRUZRPHQZKHUHDV
$ODUDQWDGHPRQVWUDWHGVPHQDQGVZRPHQ7
5HJDUGOHVVRI WKHDYHUDJHVIRUWKHJHQHUDO
SRSXODWLRQWKHUHVXOWVREWDLQHGLQWKLVVWXG\DUH
JUHDWHUWKDQDQRWKHUVWXG\RI $XVWUDOLDQV
SHUIRUPHGE\6WHZDUWLQ,QKLVVWXG\
DWKOHWHVZLWKEDFNSDLQKDGDYHUDJHKROGWLPHVRI 
V
&KDPSDJQHVWDWHGWKDWFKURQLFORZEDFNSDLQKDV
EHHQDVVRFLDWHGZLWKLQFUHDVHGIDWLJDELOLW\RI WKH
OXPERSHOYLFH[WHQVRUPXVFOHVDVGHPRQVWUDWHGE\
VKRUWHUEDFNHQGXUDQFHWHVWGXUDWLRQ:KLOH
$JJDUZDOGHPRQVWUDWHGWKDWWKLVH[WHQVRU
HQGXUDQFHFDQEHLPSURYHGZLWKFRUHWUDLQLQJ%\
ZD\RI WKHVHWZRVWXGLHVLWFDQEHDVVXPHGWKDW
WUDLQLQJXVLQJD683FRXOGK\SRWKHWLFDOO\EHXVHGWR
LQFUHDVHH[WHQVRUHQGXUDQFH
$QRWKHUEHQHÀWRI 683LVWKDWWKHSDGGOLQJ
PRWLRQLVSHUIRUPHGELODWHUDOO\W\SLFDOO\DOWHUQDWLQJ
RQDUHJXODUVWURNHEDVLV0XVFOHLPEDODQFHV
DUHULIHDPRQJVWFRPSHWLWLYHFDQRHLVWVDQG
RXWULJJHUVZKRSHUIRUPWKHSDGGOLQJPRWLRQRQWKH
RQHVLGH8QIRUWXQDWHO\WKLVZDVQRWDSXUHVWDQG
XSSDGGOHERDUGLQJVDPSOH0DQ\RI WKHDWKOHWHV
WHVWHGDOVRVXUIHGSDUWLFLSDWHGLQVXUI OLIHVDYLQJ
DQGND\DNHG.D\DNHUVURZHUV	VXUIHUVDUHDOO
SURQHWREDFNSDLQGXHWREHLQJLQHLWKHUÁH[HGRU
K\SHUH[WHQGHGSRVLWLRQVIRUORQJSHULRGVRI WLPH
,WLVXQFOHDUKRZWKLVPD\KDYHDIIHFWHGWKH
UHVXOWV
7KLVVWXG\KDGDVPDOOVDPSOHVL]HGXHWRWKH
GHVLUHWRSURÀOHWKHHOLWHRI WKLVQHZVSRUW)XUWKHU
VWXGLHVFRXOGXWLOLVHDJUHDWHUVDPSOHVL]HZLWKD
YDULHW\RI VNLOOOHYHORUDORQJLWXGLQDOVWXG\WRVKRZ
DGDSWDWLRQRYHUWLPHZLWKSDUWLFLSDWLRQLQWKLV
VSRUW
$VFRUHPXVFOHDFWLYDWLRQKDVEHHQVKRZQWR
LQFUHDVHZKHQWUDLQLQJRQXQVWDEOHVXUIDFHV(0*
DQDO\VLVRI WKHFRUHPXVFXODWXUHLVZDUUDQWHGLQWKLV
SRSXODWLRQ)XUWKHUVWXGLHVFRXOGEHDLPHGDW
GHWHUPLQLQJWKHPD[LPDODHURELFSRZHU92PD[RI 
WKHVHDWKOHWHVDORQJZLWKSRZHURXWSXWLQWKH683
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SRVLWLRQWRSURYLGHVRPHHYLGHQFHIRUWKHFODLPVRI 
ÀWQHVVEHQHÀWV$ELRPHFKDQLFDOVWXG\ZKLFK
LGHQWLÀHVWKHPXVFOHVXVHGLQWKHSURSXOVLYHSKDVH
FRXOGEHSHUIRUPHGIRUFRDFKHVDQGWUDLQHUVWR
LGHQWLI\ZKLFKPXVFOHVDUHPRVWLPSRUWDQWLQWKLV
SRSXODWLRQ,QWHUYHQWLRQDOVWXGLHVVKRZLQJWKH
FKDQJHRYHUWLPHLQERWKWKHDPDWHXU683
SDUWLFLSDQWXQGHUJRLQJDWUDLQLQJUHJLPHDQGWKH
UHKDELOLWDWLRQRI WKHPXVFXORVNHOHWDOG\VIXQFWLRQ
SDWLHQWZRXOGEHORJLFDOSURJUHVVLRQVIURPWKLV
LQLWLDOVWXG\
CONCLUSION:
7KHUHVXOWVIRXQGLQWKLVUHVHDUFKKDYHLOOXVWUDWHG
WKDWWKHHOLWHVWDQGXSSDGGOHERDUGHUVDVVHVVHG
VKRZFRPSDUDEOHPXOWLÀGXVPHDVXUHVWRSUHYLRXVO\
SXEOLVKHGOLWHUDWXUH%LHULQJ6RUHQVHQWLPHVZHUHRI 
JUHDWHUGXUDWLRQWKDQWKRVHUHSRUWHGLQSRSXODWLRQV
H[KLELWLQJV\PSWRPDWLFEDFNSDLQDQGFRPSDUDEOH
WRWKHWLPHVSUHYLRXVO\SXEOLVKHG3RVWXUDOVZD\
SDUWLFXODUO\G\QDPLFSRVWXUDOVZD\ZDVVXSHULRULQ
WKLVSRSXODWLRQFRPSDUHGWRRWKHUDTXDWLFDWKOHWKHV
SXEOLVKHGSUHYLRXVO\
7KLVUHVHDUFKKDVOHDGXVWRFRQFOXGHWKDW683
VKRZVSURPLVLQJYDOXHDVDPHDQVRI EDODQFH
WUDLQLQJIRURWKHUVSRUWVDQGDWRROIRUVWUHQJWKDQG
HQGXUDQFHWUDLQLQJRI WKHWUXQNPXVFXODWXUH
PRACTICAL APPLICATIONS:
3DGGOHFRXOGEHXVHGWRLQFUHDVHOXPEDUHUHFWRU
HQGXUDQFH
3DGGOHERDUGLQJVHHPVWREHDQH[FHOOHQWPHDQV
RI G\QDPLFEDODQFHWUDLQLQJ
'\QDPLFEDODQFHLVVXSHULRULQWKLVSRSXODWLRQ
FRPSDUHGWRVDPSOHVRI RWKHUDWKOHWHV
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